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The aim of this study was to establish reference ranges for lymphocyte subsets in Chinese adults. Venous
blood specimens were obtained from 614 healthy, human immunodeficiency virus (HIV)-seronegative adults in
Shanghai. Flow cytometry was used to determine percentages and absolute numbers of CD4 and CD8 T
lymphocytes. Mean values for CD4 and CD8 lymphocytes were 727 and 540 cells/�l, respectively, yielding a
CD4/CD8 ratio of 1.49. While CD8 lymphocyte values varied with age and gender, no significant differences in
CD4 lymphocyte values were observed. Shanghai adults had approximately 100 fewer CD4 lymphocytes/�l on
average than Caucasians, suggesting that lower CD4 lymphocyte cutoffs for classifying and monitoring HIV
infection may be needed in China.

Measurements of CD4� lymphocytes are essential for as-
sessing human immunodeficiency virus (HIV) disease course,
clinical staging, epidemiological studies, and decisions regard-
ing prophylactic therapies against opportunistic infections (2,
3, 8, 9, 21). Only in industrialized countries has it been feasible
to routinely monitor CD4 lymphocyte subsets during routine
HIV clinical care. In China, HIV has spread to all 31 provinces,
regions, and municipalities and is currently moving into new
segments of the populace (22). It is estimated that more than
1 million people are infected in China, and this number may
reach 10 million by 2010 (11). Information is generally lacking
on the normal range of lymphocyte subpopulations, including
CD4 and CD8 lymphocytes, in China.

To provide normal ranges for CD4 and CD8 lymphocyte
subsets, and for CD4/CD8 ratios in normal Chinese adults,
blood specimens were collected from healthy native adult res-
idents of Shanghai who received routine annual health evalu-
ations at Huashan Hospital between August 2000 and Febru-
ary 2001. Subjects were excluded if they were diagnosed with
HIV type 1 (HIV-1) infection or other recent viral or bacterial
infections or chronic organ diseases, were immunocompro-
mised, or were recently exposed to toxic chemicals. Whole-
blood samples were collected using sterile EDTA Vacutainer
tubes. The Science and Research Bureau of Fudan University
approved the study.

Flow cytometry of lymphocyte subsets was carried out using
a lamp-based flow cytometer (Bryte-HS, Bio-Rad, Hercules,
Calif.) according to the manufacturer’s instructions. Briefly,

white blood cell counting and differentiation were performed
using a Symex-SF3000 Coulter counter (Coulter Electronic,
Luton, London). Blood samples were then stained using
OptiClone CD4/CD8, immunoglobulin G1–fluorescein iso-
thiocyanate, and immunoglobulin G1–phycoerythrin monoclo-
nal antibodies (Coulter-Immunotech, Miami, Florida). The
monoclonal antibodies, 13B8.2 and B9.11, were used to bind
specifically to CD4 and CD8 subsets of peripheral blood T
lymphocytes, respectively (7, 17). The determination of posi-
tive and negative cells for any combination of reagents was set
with directly conjugated antibodies of irrelevant specificity as
negative controls. Positive and negative controls were included
in each run according to guidelines issued previously (4, 5).
Statistical analysis was performed using Epiinfo software (ver-
sion 6; Centers for Disease Control and Prevention, Atlanta,
Ga.). Means, standard deviations, standard errors, medians,
and confidence intervals were calculated. Single variance anal-
ysis was used to compare mean values for lymphocyte subsets
among different age and gender groups. A two-tailed P value of
�0.05 was considered significant.

During the study period, a total of 614 healthy native Chi-
nese adults who met inclusion criteria were studied. Of these,
mean age was 33.4 years (range, 16 to 50 years), and 377
(61.4%) were male. Assay reproducibility was confirmed by
having 49 blood specimens from individual subjects analyzed
by different technicians on different days. There were no sig-
nificant differences in CD4 and CD8 lymphocyte subset values
between the two runs (P � 0.05), indicating acceptable intra-
laboratory variation. Peripheral white blood cell counts, lym-
phocyte percentages, CD4 and CD8 lymphocyte subset values,
and CD4/CD8 ratios from 614 subjects are shown in Table 1;
age and gender distribution of CD4 and CD8 subset values and
CD4/CD8 ratios are listed in Table 2. CD8 lymphocyte counts,
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which averaged 539.6 � 134.1 cells/�l, were significantly higher
in men than in women (P � 0.001), resulting in a significantly
lower CD4/CD8 ratio in men (1.42 versus 1.52; P � 0.001). We
observed a mean CD4 level of 727 cells/�l for the healthy, HIV
antibody-negative Chinese adult residents of Shanghai, with no
significant differences according to age or gender (P � 0.05).

The hypothesis that lymphocyte subset values in healthy
HIV-seronegative individuals may be affected by race, geo-
graphical location, gender, circadian changes, and physical ex-
ercise has been demonstrated previously (15, 16, 19). Studies
from other countries support the presence of variation in both
number and percentage of lymphocytes and their subsets (1,
13, 19, 20). Few studies have examined normal values for
lymphocyte subsets in the Chinese population (10, 14), espe-
cially in persons residing on the mainland of China. Based on
reported differences in normal values for lymphocytes in dif-
ferent populations, there are questions whether CD4 lympho-
cyte count thresholds used to guide therapy in Europe and in
North America are appropriate for China.

Our study showed that the normal CD4 subset value among
healthy, HIV-seronegative Chinese adults in Shanghai was 727
� 255 cells/�l. This was significantly lower than what has been
reported for Caucasians (844 � 247 cells/�l) (12) and is con-
sistent with previous findings from Saudi Arabia and Singapore

(13, 18). This finding is important because CD4 lymphocyte
counts are used for clinical classification, to determine prog-
nosis, and to decide whether to prescribe prophylaxis for op-
portunistic infections. Based on our study, we believe it will be
very important to determine whether somewhat different
guidelines and CD4 lymphocyte cutoffs will be needed for
persons living with HIV infection in China.

Our data also indicated slightly lower CD8 lymphocyte sub-
set values for the native Chinese population than has been
reported for Caucasians (539 � 134 versus 593 � 214 cells/�l)
(12). Previous studies indicated that variable CD8 levels were
detected during the clinical course of HIV-1 infection. Num-
bers of CD8 cells are elevated in early HIV infection and may
decline somewhat over time. At the time of AIDS diagnosis,
they have often already returned to normal levels (6). The
present study demonstrated variations of CD8 subset values
for healthy native Chinese adults, with significantly higher val-
ues for men and different values depending on age.

In conclusion, Chinese adults residing in Shanghai have sig-
nificantly lower CD4 lymphocyte subset values than has been
reported for Caucasian populations. A modified and lower
CD4 value for classifying and monitoring HIV-1 infection may
be needed for Chinese adults. Since there were no significant
differences in CD4 values according to age or gender, a single

TABLE 1. Peripheral white blood cell count, lymphocyte percentage, CD4 and CD8 subset values, and CD4/CD8 ratios
for healthy adults in Shanghai, China

Categorya Mean value SD SE Median
value

Minimum
value

Maximum
value

95%
Range

99%
Range

Age 33.4 9.5 0.4 32 16 50 NAb NA
Total no. of white blood cells/�l 6,503 1,678 67 6,200 3,180 10,500 NA NA
Lymphocytes (%) 31.6 7.2 0.3 31.6 12.7 64.0 NA NA
CD4 value 727 255 10.3 679 252 2,082 415–1,189 390–1,634
CD8 value 539 134 5.3 503 193 1,071 336–780 283–881
CD4/CD8 ratio 1.49 0.57 0.02 1.42 0.47 4.62 0.72–2.56 0.60–3.29

a CD4 and CD8 subset values are expressed as no. of cells per microliter.
b NA, not applicable.

TABLE 2. Age and gender distribution of CD4 and CD8 subset values and CD4/CD8 ratios in Shanghai, Chinaa

Age
group

Result by gender
Result, total

Males Females

No.
tested CD4 value CD8 value CD4/CD8

ratio
No.

tested CD4 value CD8 value CD4/CD8
ratio

No.
tested CD4 value CD8 value CD4/CD8

ratio

16–20 26 637 � 195 553 � 147 1.27 � 0.41 24 789 � 292 561 � 175 1.58 � 0.59 50 710 � 256 499 � 147 1.42 � 0.53
21–25 82 649 � 218 581 � 106 1.21 � 0.37 37 796 � 386 543 � 150 1.53 � 0.48 119 694 � 288 531 � 106 1.31 � 0.43
26–30 63 726 � 229 525 � 148 1.56 � 0.60 52 690 � 205 522 � 157 1.42 � 0.48 115 710 � 218 474 � 127 1.50 � 0.55
31–35 48 788 � 311 593 � 148 1.51 � 0.55 25 773 � 275 455 � 134 1.87 � 0.53 73 783 � 297 486 � 127 1.63 � 0.57
36–40 44 717 � 234 584 � 126 1.34 � 0.46 26 718 � 181 452 � 145 1.74 � 0.60 70 717 � 214 442 � 126 1.49 � 0.55
41–45 66 781 � 267 599 � 106 1.37 � 0.49 41 677 � 205 469 � 169 1.66 � 0.72 107 741 � 246 501 � 126 1.48 � 0.60
46–50 48 811 � 281 585 � 126 1.70 � 0.74 32 658 � 620 436 � 161 1.69 � 0.63 80 750 � 254 442 � 106 1.70 � 0.69

Total 377 730 � 256 569 � 142 1.42 � 0.55 237 722 � 255 495 � 118 1.62 � 0.59 614 727 � 255b 540 � 134 1.49 � 0.57

a Mean � standard deviation. CD4 and CD8 subset values are expressed as no. of cells per microliter.
b Bold type identifies the CD4 values which are significantly lower than those in Caucasians (844 � 247 cells/�l) (12).
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reference range be suitable for healthy HIV-seronegative Chi-
nese adults.
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